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Distribution of Microorganisms in the Soil · as 
Affected by Plowing and Subtilling 
Crop Residues 1 
ROY C. DAWSON, VIRGINIA T. DAwsoN 
AND T. M. MCCALLA 2 
THE EFFECT of crop residues on the microflora of the soil is important 
for a number of reasons. Under certain conditions some micro-
organisms may compete with plants for essential nutrien t elements. 
Others may cause plant diseases. On the other hand certain benefits 
may be derived from the action of microbes on crop residues. Among 
these are the release of nutrients, the formation of soil organic matter, 
and improvements in soil structure. 
Many of. the earlier studies dealing with microbial populations in 
the soil were inconclusive and as a result confidence in population 
studies has been shaken. Much of the confusion in the interpretation 
of results undoubtedly has arisen because of improper experimental 
design and the lack of statistical treatment of the data obtained. 
Preliminary tests showed that considerable variation in microbial 
populations was likely to occur between plots loca ted close together 
and subjected to similar treatments. It was also shown that variations 
among samples within a plot may be a disturbing factor unless a suffi-
cient number of cores are taken. 
Growth and activity of microbes in the soil is likely to be concen-
trated in, and limited to, the immediate vicinity of the organic matter. 
It is necessary, therefore, to exercise judgment in selecting the proper 
depth of sampling in order tha t the effect of the residues may not be 
lost by dilution with untreated soil. 
The purpose of this investigation was primarily to determine what 
effects rate and method of application of r esidues have on the dis-
tribution of microorganisms within the plow-depth layer of soil. 
REVIEW OF LITERATURE 
BROWN AND HALVERSEN (1) found little effect of peat, manure, 
clover or timothy on microbial populations, and no relation between 
numbers of bacteria and fungi. 
1 This study was conducted as a cooperative project by the Nebraska Agricultural 
Experiment Station, Department of Agronomy, and the United States Department of 
Agriculture, Soil Conservation Service-Research. 
2 Associate Bacteriologist, Junior Bacteriologist and Bacteriologist, respectively, 
Soil Conservation Service-Research: The writers are indebted to F. L. Duley for 
suggestions during this investigation a nd in preparation of the manuscript. 
3 
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Erdman (5) determined the numbers of bacteria, actinomyces and 
fungi in rotation plots r eceiving manure with and without lime and 
phosphate. In agreement with Brown and Halversen (1) the bacteria 
and fungi apparently developed independently of one another. The 
numbers of actinomyces varied with the numbers of bacteria. There 
were usually 10 to 20 times as many bacteria as actinomyces. The data 
were not complete enough to p ermit definite conclusions regarding the 
effect of crop rotations on numbers of soil microorganisms. 
Starkey (10) found that numbers of microorganisms and microbial 
activity were much higher in soils obtained from the immediate vicin-
ity of plant roots than in soil farther removed from the zone of root 
development. Humfeld and Smith (6) showed that the effect on 
microbial populations of green manure added to the soil was limited 
almost entirely to the green-manure layer. 
Clark and Thom (2) were unsuccessful in their attempts to alter 
the rhizosphere popula tions of wheat and cotton by the addition of 
organic soil amendments. Ka tznelson (7) noted an indirect influence 
of manure on the microbial populations of mangel roots which he 
attributed to rate of plant growth. 
Katznelson and Chase (8) pointed out that it was difficult to bring 
about permanent, or even prolon ged, changes in the microbial p opu-
lations of a given soil. This was because of the tendency of soil 
populations to become stabilized with their environment. 
Dawson (3) was unable to show any effect on soil microbial popula-
tions of 1.5 to 2 tons per acre of wheat straw or leguminous residues 
one year after application. 
PLOTS AND METHODS 
P LOTS USED in these studies were located on the University of Ne-
braska Agronomy Farm a t Lincoln. The soil was a prairie soil re-
sembling Marshall silty clay loam. 
Three kinds of rotations were used in these studies. They were 
corn-oats-wheat, three years of continuous corn mulched with wheat 
straw at different rates, and sweetclover followed by corn, wheat or 
sorghum.3 Two methods of tillage, plowing and subtillage, were com-
pared on all excep t subtilled only. A more detailed description of 
plot management procedures is given in connection with the discus-
sion of the r esults obtained by the different rotations. 
Soil samples were taken at the 0-1 and 1-6 inch depths with a 
sampling tube 2 inches in diameter; 25 cores were taken from each 
plot (21 by 35 fee t), screened, and mixed thoroughly. Ten-gram sam-
3 The corn-oats-wheat and sweetclover plots were among those maintained by 
F. L. Duley and J. C. Russel for the study of the use of crop residues for soil and 
moisture conservation. 
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ples were diluted and plated on the appropriate media. Soil extract 
agar 4 was used for determining the total counts, which included both 
bacteria and actinomyces. Glucose-nitrate-soil extract agar, contain-
ing rose bengal in a concentration of 1:15,000 (4, 9), was used in the 
enumera tion of the fungi. The fungi were counted after a four-day 
incubation p eriod. The total counts were made after incubating seven 
days, a t which time the actinomyces were differentiated from the bac-
teria . All plates were incubated at 25 ° C . and were replicated eight 
times. 
RESULTS 
Corn-Oats-Wheat Rotation 
IN THE corn-oats-wheat rotations, r esidues from the respective crops 
were returned to the soil at the time of h arves t. Wheat straw residues 
amounted to about 1.5 tons per acre, while oat straw yielded about 
0.75 ton p er acre. Plots in this seri es receiving corn stalk residues were 
not studied. 
Oat straw residue. The oat straw was returned to the soil and 
tillage operations performed about August 1, 1945. Samples were 
taken October 4, about two months after return of the oat straw, and 
the number of microorganisms per gram of soil determined . The 
distribution of microorganisms between the two depths in plots in 
which the oa t straw was subtilled and plowed is shown in Table 1. 
TABLE 1. Microbial populations in com-oats-wheat rotation plots two 
Depth 
0-1" 
1-6" 
111.ean 
0-1" 
1-6" 
Mean 
0-1 " 
1-6" 
Mean 
months after subt ill ing and plowing oat straw. 
Sub tilled Plowed 
Fungi in thousands per gram o'f soil 
325 199 
290 385 
307.5 292.0 
Bacteria plus acti11ornyces in millions per gram of soil 
29.0 17.8 
29.3 35.5 
29.2 26.7 
Actinomy ces in millions jJer gram of soil 
12.8 8 .1 
13.2 16.2 
13.0 12.2 
Mean 
262.0 
337.5 
299.7 
23 .4 
32.4 
27.9 
10.5 
14.7 
12.6 
• Soil ex tract- I liter , K,HP04- l g. , agar-1 5g. Adjust pH to 6.8-7. The soil 
extract was prepared as fo llows: Autoclave I kg. of a ir-dry soil with 3 liters of water 
f<;ir I hour. Filter through filt er paper. 
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In the subtilled plots the surface inch of soil contained 325,000 
fungi per gram of soil, while the 1-6 inch depth contained 290,000 
per gram. Plowing the residues under resulted in a reverse relation-
ship with respect to fungal populations. The surface inch contained 
199,000 fungi per gram of soil compared with 385,000 for the 1-6 inch 
depth. These differences, as shown by the "depth x ti llage" inter-
action in Table 2, are significant at the 5 per cent level. All other 
comparisons fai led to show significance. 
TABLE 2. Analyses of variance of microbial populations in corn-oats-
wheat plots two months after sub tilling and plowing oat straw. 
Variance 
Source of variation D / F Bacteria plus I r\ctinomyces Fungi act inom yces 
Total 11 
R eplica tes 2 321 18.7 2.2 
Tillage 768 54.5 19.1 
Error a 2 19,910 95.9 25.0 
Depths 1 17,177 243.0 53.4 
Depths x tillage 1 36,520* 225.4 44 .4 
Error b 4 2,655 49.9 8.8 
* F value significant at the 5 p er cent level. 
No significant differences, attributable to residue management, 
were found with respect to the number of bacteria and actinomyces, 
or actinomyces alone. 
W heat straw residue. The effect of subtilling and plowing wheat 
straw on the distribution of microbial populations at different dates 
is shown in Tables 3 and 4 for 1945, and in Tables 5 and 6 for 1946. 
Microbial analyses were made on March 28, May 31 and September 
11 , 1945, or eight, ten and fourteen months, respectively, after applica-
tion of the wheat straw. In 1946 analyses were made on March 28 
and July 22, or eight and twelve months, r espectively, after return of 
the wheat straw. 
The method of ti llage h ad no significant effect on the mean num-
ber of microorganisms found in the soil. This was true for all groups 
of microorganisms studied and for both years. In 1945 the average 
number of fungi in the 1-6 inch depth was 214,300 per gram of soil 
compared with 168,000 in the 0-1 inch depth (depth means in Table 3). 
This difference in numbers of fungi, associated with depths, is highly 
significant as shown in Table 4. Bacteria plus actinomyces and acti-
nomyces alone were also present in significantly grea ter numbers p er 
unit of soil in the 1-6 inch depth. Numbers of fungi and numbers of 
bacteria plus actinomyces varied significantly with dates (Table 4) . 
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TABLE 3. Microbial populations in com-oats-wheat rotation plots at 
different dates, after sub tilling and plowing wheat straw, 194 5. 
-
Subtilled I Plowed I Tillage means I Depth means 
Date I I 0-1" 1 1-6" / t~~~~ / Plowed / 0-1" 11-6" 
Date 
0-1" 1-6" means 
Fungi in thousands per gram of soil 
3-28 208 223 153 238 215.5 195.5 180.5 230.5 205.5 
5-31 210 227 184 222 218.5 203.0 197.0 224.5 210.8 
9-11 139 223 114 153 181.0 133.5 126.5 188.0 157.3 
Mean 185.7 224.3 150.3 204.3 205.0 177.3 168.0 214.3 191.2 
Bacteria plus actinomyces in millions per gram of soil 
3-28 25.4 25.4 18.5 26.9 25.40 22.70 21.95 26.15 24.05 
5-3 1 26.8 32.8 20.6 27.6 29.80 24.10 23.70 30.20 26 .95 
9-ll 16.7 21.0 12.5 22.3 18.85 17.40 14.60 21.65 18.13 
Mean 22 .96 26.40 17.20 25.60 24.68 21.40 20.08 26.00 23.04 
Actinomyces in millions per gram of soil 
3-28 10.0 11.2 7.9 11.2 10.60 9.55 8.95 11.20 10.08 
5-3 1 10.4 13.1 9.0 10.8 11.75 9.90 9.70 11.95 10.83 
9-11 7.0 10.0 3.1 8.6 8.50 5.85 5.05 9.30 7.18 
Mean 9.13 11 .43 6.66 10.20 10.28 8.43 7.90 10.82 9.36 
TABLE 4. Analyses of variance of microbial populations in corn-oats-
wheat rotation plots at different dates after sub tilling and plowing 
wheat straw, 1945. 
Variance 
Source of variation D / F Bacteria plus I Actinomyces Fungi acti nomyces 
Total 35 
R eplicates 2 1,478 48.6 29.2 
Tillage 1 6,807 98.0 30.5 
Error a 2 2,025 9.2 5.9 
Depths 1 19,275** 314.4* 76.6* 
Depths x tillage 1 536 55.8 3.2 
Error b 4 905 30.6 4.8 
Dates 2 10,359''* 242.1 * 4.5 
Dates x tillage 2 891 14.9 1.7 
Dates x depths 2 895 7.1 3.6 
Dates x depths x tillage 2 2,442 10.4 3.0 
Error c 16 1,217 54.8 14.8 
* F value significant at the 5 per cent level. 
** F value significant at the 1 per cent level. 
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TABLE 5. NI icrobial populations in corn-oats-wheat rotation plots at 
different dates, after subtilling and plowing wheat straw, 1946. 
Date 
3-28 
7-22 
1vlean 
3-28 
7-22 
1viean 
Su btilled Plowed Tillage means Depth means 
0-1" 1 
240 
266 
253 
1-6" 0-1" I 1-6" 
Sub- I 
tilled Plowed 0-1" ,f 
Fungi in thousands per gram of soil 
183 121 218 211 169 180 
282 299 225 274 227 247 
232 175 221 243 198 214 
1-6" 
200 
253 
227 
Bacteria jJlus aclinomyces in millions per gram of soil 
23.5 23,7 12.3 21.8 23.6 17 .0 17 .9 22 .7 
45.3 53.5 34.7 34.3 49.4 34.5 40.0 43.9 
34.4 38.6 23 .5 28.0 36.5 25.8 28.9 33.3 
Date 
means 
190 
250 
220 
20.3 
41.9 
31.l 
It is apparent in Table 3 that significance is due largely to the com-
paratively lower counts obtained on September I 1. The slightly 
higher numbers of organisms present on May 31 than on March 28 
are probably due to a temperature effect. The smaller numbers found 
on September 11 are probably the r esult of a decrease in available 
organic matter. 
In 1946 an average of 33 million bacteria plus actinomyces was 
found per gram of soil in the 1-6 inch depth, compared with 29 niil-
T ABLE 6. Analyses of variance of microbial populations in corn-oats-
wheat rotation plots at different dates after sub tilling and plowing 
wheat straw, 1946. 
Source of variation 
Total 
R epli cates 
Tillage 
Error a 
Depths 
Depths x tillage 
Error b 
Dates 
Dates x till age 
Dates x depths 
Dates x depths x tillage 
Error c 
D/F 
23 
2 
1 
2 
1 
1 
4 
1 
8 
*F value significant at the 5 per cent level. 
**F value significant at the 1 p er cent level. 
Variance 
Fungi 
3,306 
11 ,926 
907 
1,053 
6,634 
896 
21 ,540** 
35 
261 
11,222** 
687 
I Baaeria plus act1nomyces 
48.9 
695 .5 
75.5 
114.4* 
0.2 
13.2 
2,808.0** 
105.0 
1.4 
121.5 
56.4 
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TABLE 7. Fungal populations in corn-oats-wheat rotation plots, 
March 28, 1946. 
R epli -
ca te 
I 
II 
III 
Mean 
Subtilled 
0-1" 
239 
203 
278 
240.0 
I 1-6" 
188 
159 
203 
183.3 
Plowed 
0-1" 
126 
81 
157 
121.3 
I 1-6" 
194 
178 
281 
217.7 
Tillage means 
Sub- I 
tilled Plowed 
213.5 
181.0 
240.5 
211.7 
160.0 
129.5 
219.0 
169.5 
Depth means 
0-1" 
182.5 
142.0 
217.5 
180.7 
I 1-6" 
191.0 
168.5 
242.0 
200.5 
R epli-
cate 
mean 
186 .8 
155.3 
229.8 
190.6 
9 
lion in the 0-1 inch depth (Table 5). The difference was significant 
at the 5 per cent level (Table 6). Both fungi and bacteria plus acti-
nomyces varied significantly (1 per cent level) from one date to an-
other. Greater numbers were found on July 22 than on March 28 
(Table 5). The effect was probably largely climatic. No effect of 
m ethod of tillage was apparent. 
Detailed examination of the data for March 28, 1946 (Table 7), 
which was obtained eight months after application of wheat straw, 
shows that where the plots were subtilled the numbers of fungi were 
consistently higher in the top inch of soil than in the 1-6 inch layer. 
Plowing the residues r eversed the order of magnitude. The inter-
action of "depth x tillage" (Table 8) is highly significant. This indi-
cates that during the early spring, eight months after application of 
the wheat straw, the m ethod of tillage affected the distribution of 
fungi between the two soil depths. No such relationship was found 
with r espect to tillage where the populations of bacteria and acti-
nomyces were concerned. The effect of wheat straw placement on 
numbers of fungi disappeared in later samplings. 
TABLE 8. Analyses of variance of fungal populations in corn-oats-
wheat rotation plots, March 28, 1946. 
Source of variation D /F Variance 
Total 11 
Replicates 2 5,594 
Tillage 1 5,334 
Error a 2 321 
Depths 1,180 
Depths x tillage 1 17,557** 
Error b 4 262 
** F value significant at the 1 per cent level. 
TABLE 9. 
Date 
7-31 
8-2'1 
11 -3 
ivlean 
7-3 1 
8-24 
11 -3 
M ean 
7-31 
8-24 
11 -3 
1vlean 
Microbial populations in continuous corn plots at different dates after application of wheat straw at 
different rates, 1945 . 
0 t /acre 2 t /acre I 4 t / acre I- 8 t/acre I R ate means 
I 
Depth mea ns Date 
0-1" I 1-6" 0-1" 1-6" 0-1" I 1-6" 0-1" 1-6" 0 2 I 4 I 8 0-1" I 1-6 " n1eans 
Fungi in thou.sands jJer gram of soil 
125 168 236 209 421 224 324 266 146 222 322 295 276 217 247 
142 183 173 168 349 212 356 206 162 170 280 28 1 255 192 22,1 
231 159 401 247 330 194 511 202 195 324 262 356 368 200 285 
166 170 270 208 367 210 397 225 168 239 288 311 300 203 252 
Bacteria jJlus actinornyces in millions per gram of soil 
21.5 21.5 37.4 27 .5 76.0 36 .7 126.8 5 J. 1 21.5 32.5 56.4 88.9 65.4 34.2 49.8 
16.2 21.6 45 .0 19.1 61.8 17.8 11 3.6 19.5 18.9 32 .1 39.8 66.6 59 .2 19.5 39.4 
15.0 21.1 16.3 26.0 35 .3 23.3 36.5 22.1 18.1 21.2 29 .8 29.8 25.8 23.1 24.5 
17 .6 21.4 32 .9 24.2 57.7 25.9 92.3 30 .9 19.5 28.6 42.0 61.8 50.1 25.6 37.9 
Actinornyces in millions jJer gram of soil 
9.4 9.0 12.4 12.3 23.4 13.4 48.4 20.6 9.2 12.3 18.4 M.5 23.4 13.8 18.6 
8.'1 10.5 19.9 8.5 27.2 9.2 55.6 8.9 9.4 14.2 18.2 32 .2 27.8 9.3 18.5 
4.9 10.8 6.4 13.3 14.7 11.8 18.9 10.5 7.8 9.8 13.2 H .7 11.2 11.6 11.4 
7.6 l 0.1 12.9 11.4 21.8 11.5 41.0 13.3 8.8 12. l 16.6 27. 1 20.8 11.6 16.2 
...... 
0 
~ 
"' t'1 
;,. 
:,, 
Cl 
= 
t:d 
C: 
t"' 
t"' 
t'1 
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z 
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Corn Plots 
THE CONTINUOUS corn plots received wheat straw at the rates of 2, 
4, and 8 tons p er acre. Control plots, receiving no straw, were main-
tained . The wheat straw was grown at another location and was ap-
plied on June 21, 1945 . In addition to the wheat straw applications, 
cornstalks grown on the plots during the preceding year were cut on 
April 26, 1945. The cornstalks contributed about a ton of residue 
p er acre. 
The plots were sampled July 31, August 24 and November 3, 1945 . 
R esults are shown in Tables 9 and 10, and Figures 1 and 2. The 
numbers of fungi found in the two replicate plots were significantly 
different (1 per cent level) from one another (Table 10). This, no 
doubt, r eflects a difference in the soil of the two r eplicate blocks. The 
"total count" and actinomycete popula tions of the two replicate plots, 
however, agreed very closely. 
Effect of Wheat Straw Application Rate 
Fungi. The control plots, which had no straw applied, contained 
an average of 168,000 fungi per gram of soil for the three dates. The 
corresponding values for the 2-, 4- and 8-ton r ates were 239,000, 288,000 
and 311,000 p er gram, r espectively (rate means, T able 9). These dif-
ferences, which are attributed to ra te of application of wheat straw, 
are significant at the 1 per cent level (Table 10). If we limit our 
TABLE 10. Analyses of variance of microbial populations in continu-
ous corn plots at different dates after application of wheat straw at 
different rates, 1945. 
Variance 
Source of varia tion D / F Bac.teria plus I 
Fungi actmomyces Acti nomyces 
Total 47 
R eplica tes 1 22,102** 28.2 0.2 
R a tes 3 48,149** 4,010.6* 764.2* 
Error a 3 148 309.4 72.8 
Depths 1 112,52 1 ** 7,198.1 ** 1,022.2** 
Depths x rates 3 20,706** 2,467 .6** 536 .9* 
Error b 4 1,121 116.0 33.9 
Da tes 2 15 ,081 * 2,597 .7** 272.7* 
Da tes x ra tes 6 7,375 651.2* 83 .8 
Da tes x depths 2 15,152 1,505.4** 355 .6** 
Dates x depths x rates 6 4,311 289.0 54.0 
Error c 16 3,141 238.7 55.2 
* F values significant at the 5 per cent level. 
** F values significant at the 1 p er cent level. 
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observations to the 0-1 inch depth the differences due to rate of appli-
cation are even more striking (Figure 1). All these plots were sub-
surface tilled. 
A highly significant relationship was found within the "depth x 
rate" interaction. This means that varying the rate of straw applied 
to the surface of the soil did not have the same effect at the two 
depths. This relationship is brought out in Figure 1. Significant 
increases in numbers of fungi were stimulated in the top inch of soil 
by increasing the amount of wheat straw, while only questionable 
changes were produced in the 1-6 inch depth. 
The stimula ting effect on fungi obtained by adding increasing 
amounts of wheat straw as a surface mulch, lasted through the Novem-
ber 3 sampling. This conclusion is supported by the fact that the 
"dates x rates" interaction (Table 10) for the fungi is not significant. 
T o tal counts. T he numbers of bacteria and actinomyces, known 
collectively as total counts, are shown in Table 9 and Figure 2. The 
over-all effect of rate of application may be seen from a comparison 
of rate means (Table 9). The average total count for the control plots 
was 19,500,000 per gram of soil. The 2-, 4- and 8-ton applications 
yielded 28,600,000, 42,000,000 and 61,800,000, respectively. These 
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FIGURE 1.-Eff ect of rate of application of wheat straw on numbers 
of fungi in corn plots at two depths. 
DISTRIBUTION OF MICROORCANISMS IN THE SOIL 13 
differen ces, due to rate of residue application, were significant at the 
5 p er cent, but not at the 1 p er cent level. 
The effect of r ate of application on total counts was grea test during 
the first sampling da te and became progressively less during the two 
la ter sampling da tes. This is brought out by comparing the increase 
in number of microorganisms over the controls (Table 9) as a r esult 
of different rates of residue application, during the three sampling 
da tes. For example, an increase of 11 ,000,000, 34,900,000 and 67,400,000 
of bacteria and actinomyces, collectively, resulted from the 2-, 4- and 
8-ton applications on the July 31 sampling date. Similar increases of 
only 3, 100,000, 11 ,700,000 and 11,700,000 resulted on November 3. 
The "dates x rates" interaction (Table 10) indicates that the decrease 
in response of bacteria and actinomyces to residue application with 
time was a significant one (5 p er cent level). 
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F1cuRE 2.-Efject of rate of application of wheat straw on numbers 
of bacteria ( light) and actinomyces (shaded) in corn 
plots at two depths. 
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As with the fungi, the effect of residues applied to the surface on 
total counts was largely confined to the 0-1 inch layer of soil. This 
is substantiated by Figure 2 and the high degree of significance of the 
"depths x rates" interaction of Table IO. 
Actinomyces. The mean numbers of actinomyces, in millions p er 
gram of soil, are shown in Table 9, and by the shaded portions of 
Figure 2. The light portions indicate bacteria. 
It can be seen readily from Table 9 and Figure 2 that the acti-
nomyces follow a pattern similar to that of the total counts. The 
same factors that significantly influenced the "total counts," with the 
exception of the "dates x rates" interaction, also altered the actino-
mycete popula tions (Table IO) . The effect on the actinomyces of the 
rate of application of the wheat straw was more lasting than on the 
total counts. In this respect the actinomyces resembled the fungi. 
Effect of Sampling Depth 
The mean microbial populations of each of the three groups 
studied were almost twice as large in the surface inch of soil as in the 
1-6 inch depth (depth means, Table 9). These differences are shown
to be significant at the I per cent level in Table IO. This shows clearly 
that the average numbers of fungi , " total counts," and actinomyces 
obtained one, two and five months after application of the wheat straw 
as a surface mulch, were significantly greater in the surface inch of 
soil than in the 1-6 inch depth. 
Examination of the mean numbers of fungi found at the two 
depths on the different dates ( depth means, Table 9) shows that for 
each of the sampling dates the 0-1 inch depth contained the greater 
mean populations. Furthermore, an increase or decrease at one depth 
is accompanied by a similar change at the other depth. The "dates x 
depths" interaction in Table IO does not show a significant F value 
for the fungi. This indicates that the trend in numbers of fungi 
during the three sampling dates was similar at both depths. 
In contrast to the fungi, the "dates x depths" interactions for "total 
counts" and actinomyces were significant at the I per cent level. The 
"depth means" values shown in Table 9 for these organisms show that 
on the different dates of sampling the m ean populations did not follow 
the same trends at the two depths. For example, at the 0-1 inch depth 
the "total counts" were lowest on the last sampling date, while the 1-6 
inch depth showed the lowest count on the second sampling da te. 
Effect of Sampling Date 
The average numbers of fungi found per gram of soil for the 
three dates were 247,000, 224,000 and 285,000 for July 31, August 24, 
and September 3, respectively. These differences were significant at 
the 5 per cent level. 
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The "total counts" decreased progressively with the lapse of time 
between residue application and sampling date ( date means, Table 9). 
On July 31 the mean number of bacteria and actinomyces found for 
all plots. was 49,800,000. This number decreased to 39,400,000 and 
24,500,000 on August 24 and September 3, respectively. Differences in 
total counts due to dates were significant at the 1 per cent level. 
As pointed out above, the "da tes x depths" interaction for bacteria 
plus actinomyces was highly significant. The "depth means" columns 
in T able 9 show a pronounced decrease with time in numbers of bac-
teria plus actinomyces in the 0-1 inch depth. Comparable numbers 
in the 1-6 inch depth are erratic since there is first a decrease followed 
by an increase. It is evident from these da ta that the progressive d e-
crease with time in mean total counts is determined by the 0-1 inch 
layer of soil which is in direct contact with the decomposing residues. 
Sweetclover Plots 
Sweetclover-corn rotation. The sweetclover residues were subtilled 
or plowed about April 20, 1945, when the crop was about 12 inches in 
h eight. The subtillage was repea ted about May 5 and again about 
May 15, while the plowed plots were disked on these dates. All plots 
were planted to corn about May 21. The plots were sampled on 
June 13 and again on August 29. R esults of the microbial analyses 
are shown in Tables 11 and 12. 
An average of 232,000 fungi per gram of soil was found on June 13 
compared with 121,000 per gram on August 29 (date means, Table 
TABLE I 1. Microbial populations in sweetclover-corn plots at differ-
ent dates after sub ti lling and plowing sweetclover, 194 5. 
Subtilled Plowed T illage means Depth means 
I 0-1" I I 
Date 
Date Sub- 1 means 
0-1" 1-6" 1-6" tilled Plowed 0-1" 1-6" 
Fungi in thousands per gram of soil 
6-1 3 207 253 188 280 230 234 230 266 232 
8-29 159 11 8 104 102 138 103 131 llO 121 
M ean 183 185 146 191 184 168 180 188 176 
Bacteria plus act inomyces in millions per gram o1 soil 
6-1 3 37 .3 31.4 20.6 27.0 34.3 23.8 28 .9 29.2 29.0 
8-29 32.6 13.2 14.5 10.9 22.9 12.7 23.5 12.0 17.8 
1Wean 34.9 22 .3 17.5 18.9 28.6 18.2 26.2 20.6 23.4 
Actinomyces in millions per gram of soil 
6- 13 8.4 7.2 6.5 6.6 7.8 6.5 7.4 6.9 7.2 
8-29 15.4 6.2 8.6 4.2 10.8 6.4 12.0 5.2 8.6 
Mean 11.9 6.7 7.5 5.4 9.3 6.5 9.7 6.0 7.9 
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TABLE 12. Analyses of variance of microbial populations in sweet-
clover-corn plots at different dates after subtilling and plowing 
sweetclover, 194 5. 
Variance 
Source of variation D / F I Baaeria plus I 
Fungi actmomyces Actinomyces 
Total 31 
R eplicates 3 931 4.2 8.8 
Tillage 1 1,875 856.0** 64.4* 
Error a 3 856 9.8 6.3 
Depths 4,584 251.5 107.3"* 
Depths x tillage l 3,549 392.6* 18.9 
Error b 6 2,092 56.0 5.0 
Dates 98,901 "* 1,018.2** 16.5 
Dates x tillage 3,221 0.4 18.9 
Dates x depths 16,245** 276.6* 78.8"* 
Dates x depths x tillage l 30 6.2 6.3 
Error c 12 1,419 47.4 5.6 
* F value sign ificant at the 5 per cent level. 
** F value significant at the 1 per cent level. 
11 ). Comparative total counts for the two dates were 29,000,000 and 
17,800,000 p er gram, respectively. These differences in both fungi 
and total counts for the two da tes are significant at the I per cent level 
(Table 12). T h e greater numbers of microorganisms were found on 
the first sampling date, somewhat less than two months after applica-
tion of the sweetclover residues. Considerable over-all r eduction in 
numbers of organisms occurred on th e next sampling date abou t two 
and one-half months later, or about four and one-half months after 
residue application. 
The "da tes x depth s" interactions for fungi, total counts and acti-
nomyces, shown in Table 12, were found to be significant. This m eans 
that all three groups of microorganisms responded differently at the 
two depths on the two sampling dates. For example, on June 13 the 
concentration of organisms in the 1-6 inch layer of soil was approxi-
mately equal to or larger than that in the 0-1 inch layer, (depth m ean s, 
T able 11) while on Au gust 29 the 0-1 inch depth consistently contained 
a greater concentration of organisms than the 1-6 inch layer. 
Greater numbers of actinomyces were found in the 0-1 inch than in 
the 1-6 inch layer of soil. Subtillage, which permitted the residues to 
decompose on the surface of th e soil, probably contributed much 
toward increasing the number of actinomyces in the surface inch of 
soil over that of th e lower depth. 
Sweetclover-wheat rotation . Second-year sweetclover was mowed 
about June 15, 1945, and allowed to lie until the la tter p art of July. 
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TABLE 13. Microbial populations in sweetclover-wheat plots at differ-
ent dates after sub tilling and plowing sweetclover, 194 5. 
Su btilled Plowed Ti llage means Depth means 
I I I 
Date 
Date Sub- I means 0-1" 1-6" 0-1" 1-6" tilled Plowed 0-1" 1-6" 
Fungi in thousands per gram of soil 
8-25 289 155 161 152 222 156 225 153 189 
10-5 153 284 98 224 21 8 161 125 254 189 
Mean 221 219 129 188 220 158 175 203 189 
Bacteria plus actinomyces in millions per gram of soil 
8-25 63.9 23.2 24.8 36.3 43.5 30.5 44.3 29.7 37.0 
10-5 34.6 32.0 18.2 33.5 33.3 25.8 26.4 32.7 29.5 
M ean 49.2 27.6 21.5 34.9 38.4 28.2 35.3 31.2 33.3 
Actinomyces in millions per gram of soil 
8-25 24.8 9.6 10.9 18.4 17.2 14.6 17.8 14.0 15.9 
10-5 16.5 14.0 6.8 15.2 15.2 11.0 11.6 14.6 13.1 
i\i[ean 20.6 11.8 8.8 16.8 16.2 12.8 14.7 14.3 14.5 
A luxuriant growth, 5 to 6 feet high and yielding approximately 4 tons 
per acre of air-dry material, was obtained. The p lots were subtilled or 
plowed during the latter part of July. Subtillage was repeated during 
the first part of September at which time the plowed plots were disked . 
Samples were taken for microbiological analysis on Au gust 25 and 
October 5. The results are shown in Table 13 and the analyses of 
variance in Table 14. 
TABLE 14. Analyses of variance of microbial populations in sweet-
clover-wheat plots at different dates after sub tilling and plowing. 
Variance 
Source of variation D / F Bacteria p lus 
Fungi actinomyces Actinomyces 
Total 23 
Replicates 2 3,668 102.6 35.7 
Tillage 1 22,693 628 .4 69.7 
Error a 2 4,056 115.3 19.4 
Depths 1 4,988 101.7 1.4 
Depths x tillage 1 5,400 1,844.5** ,124.2** 
Error b 4 3,449 75 .3 17.2 
Dates 1 2 336.0 46.8 
Dates x ti llage 1 89 45.9 4.2 
Dates x depths 1 60,201 655.2* 69 .0 
Dates x depths x tillage 1 6,402 440.3* 53 .7 
Error c 8 12,237 64.3 15-6 
* F value significant at the 5 per cent level. 
** F value sign ificant at the 1 per cent level. 
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None of the variables tested produced significant changes in the 
number of fungi present in the soil as shown in Table 14. 
Total counts and actinomyces were greatly influenced by place-
ment of the sweetclover residue as indicated by the highly significant 
"depth x tillage" interactions in Table 14. Where the residues were 
subtilled, greater concentrations were obtained for both total counts 
and actinomyces in the surface inch than in the 1-6 inch layer of soil. 
Where the residues were plowed the greater numbers were found in 
the 1-6 inch depth. 
The "dates x depths" interaction was also significant (5 per cent 
level) for "total counts." On August 25, about nine weeks after appli-
cation of the sweetclover residue, the surface inch of soil contained 
44,300,000 bacteria and actinomyces per gram, while the 1-6 inch layer 
contained 29,700,000 per gram. On October 5, about four months 
after residue application, the 0-1 inch layer yielded a count of 26,-
400,000 per gram compared with 32,700,000 per gram in the 1-6 inch 
layer. 
Sweetclover-sorghum plots. The sweetclover was undercut on all 
eight plots by shallow subsurface tillage on May 3, 1946. Four of the 
plots were then plowed. The sweetclover was about 12 inches high 
and the above-ground portion provided about I ton p er acre of air-
dried plant material. Subtillage was rep eated on May 17 and again 
on May 20. The plowed plots were disked on May 17. All plots were 
planted to sorghum on May 31 and were again subtilled, for weed 
control, on July 6 and July 27. Soil samples were taken on May 8, 
five days after returning the sweetclover residues and performing 
initial tillage operations. A second sampling was made on August 7, 
or a little more than three months after the sweetclover application. 
TABLE 15. Microbial populations in sweetclover-sorghum plots at dif-
ferent dates after subtilling and plowing sweetclover, 1946. 
Subtilled Plowed T illage mea ns DepCO meaos \ 
I I 0-1" I 1-6 " Date D~te Sub- I means 0-l" l -6" 0-l" l -6" tilled Plowed 
Fungi in thousands per gram of soil 
5-8 353 260 199 283 306 241 276 271 273 
8-7 224 224 150 226 224 188 187 225 206 
Mean 288 242 174 254 265 214 231 248 239 
Bacteria plus actinomyces in millions per gram of soil 
5-8 78.4 31.2 27 .0 42.2 54.8 34.6 52.7 36.7 44.7 
8-7 25.3 39.7 29 .2 31.0 32.5 30.l 27.2 35.3 31.3 
l\!fean 51.8 35.4 28.l 36.6 43.6 32.3 39.9 36 .0 38 .0 
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TABLE 16. Analyses of variance of microbial populations in sweet-
clover-sorghum plots at different dates after subtilling and plowing 
sweetclover, 194 6. 
Source of variation D/F 
Total 31 
Replicates 3 
Tillage l 
Error a 3 
Depths l 
Depths x tillage l 
Error b 6 
Dates 
Dates x tillage 
Dates x depths l 
Dates x depths x tillage l 
Error c 12 
* F value significant at the 5 per cent level. 
** F value significant at the l per cent level. 
Variance 
Bacteria plus 
· Fungi actinomyces 
3,781 94.7 
20,655 1,020.4 
3,585 363 ,8 
2,329 123.6 
32,32 1 * 1,248.8* 
2,474 145.0 
37,060 H 1,437.8 
1,784 632.8 
3,548 116.8 
5,077 2,813.0* 
1,746 327.4 
Only fungi and total counts were enumerated on these dates, since 
no attempt was made to differentiate the actinomyces. 
The data are summarized in Table 15 and the analyses of variance 
are shown in Table 16. The average number of fungi p er gram of 
soil for all treatments and both depths was greater on May 8 than on 
August 7, as shown by date means in Table 15. The difference was 
significant at the 1 per cent level as indicated by the analysis of vari-
ance for dates in Table 16. 
The "depths x tillage" interaction was significant at the 5 per cent 
level for both fungi and "total counts," indicating that on subtilled 
plots the 0-1 inch depth, in general, contained a greater concentration 
of organisms than the 1-6 inch depth, while the reverse was true of the 
plowed plots (Table 15 ). The significance of this interaction is deter-
mined largely by the May 8 sampling. Analysis of variance of data 
confined to the May 8 sampling showed a highly significant (1 per cent 
level) "depths x tillage" interaction. These data indicate that the great-
es t concentration of organisms was associated with the layer of soil in 
which one would ·expect to find the greatest amount of residues. 
Microbial Populations of Suhtilled and Plowed Plots 
THE MEAN MICROBIAL populations, as shown in Table 17, were 
obtained by averaging the mean populations of those plots, twelve 
in all, which included both subtilling and plowing of the various 
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residues. Of these twelve observations, six were obtained from the 
rotation plots, one of which received oat straw and five wheat straw. 
The remaining six observations were from the sweetclover plots. In-
tervals of time ranging from five days to fourteen months between 
applications of residue and sampling for microbial analyses were 
represented. 
Values for the 0-6 inch, or plow-depth layer, were obtained from a 
weighted average of the 0-1 and 1-6 inch depths. These values furni sh 
a comparative estimation of the numbers of organisms per gram of 
soil within the plow-depth layer for the two methods of handling the 
residues.
In the surface inch there was found an average of 231,080 fungi 
per gram of soil where the residues were subtilled, compared with 
164,170 where they were plowed (Table 17). The mean difference of 
66,910 ± 15,980 was highly significant. 
TABLE 17. Mean density of microbial populations within the plow-
depth layer of soils in which residues were subtilled and plowed. 
Depth 
0-1" 
1-6" 
0-6" 
Subtilled Plowed 
Mean 
d ifference 
Fungi in thou.sands p er gram of soil 
23 1.08 164.17 66 .91 ** 
226.83 225.67 1.16 
225 .80 214 .60 11.20 
I Standard error of m ean difference 
15.98 
I 3.41 
10.01 
Bacteria plus actinom.yces in millions per gram of soil 
0-1" 
1-6" 
0-6" 
36.57 20 .89 15.68** 
29 .70 29. I I 0.59 
30.90 27 .80 3.10 
** Significant at the l per cent level. 
4.42 
2.~l 
17!) 
"Total counts," which include bacteria and actinomyces, amounted 
to 36,570,000 per gram of soil within the surface inch where the resi-
dues were subtilled and 20,890,000 per gram where they were plowed 
under. The mean difference of 15,680,000 ± 4,420,000 was highly 
significant. 
The evidence indicates that when crop residues are allowed to 
decompose on the surface of the soil, greater numbers of aerobic micro-
organisms develop in the top inch of soil than when such r esidues are 
plowed under. This may be explained on the basis of concentration 
of available nutrient materials in the presence of favorable oxygen 
tension. 
In the 1-6 inch depth of soil no significant difference in number of 
microorganisms was found when subtillage and plowing of the resi-
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dues were compared. Failure to demonstrate a difference may be the 
result of the diluting effect of distributing the residue throughout a 
6-inch depth of soil. 
When the 0-6 inch depth was considered as a whole the significance 
due to tillage, so pronounced in the surface inch, was lost. 
Relationship Between Fungi and Total Counts 
THE NUMBERS of fungi obtained from the various determinations 
have been plotted against total counts in Figure 3. The fungi ar e 
expressed as thousands per gram of soil. Total counts, which ar e 
composed of bacteria and actinomyces, are expressed as millions per 
gram of soil. Wheat straw, oat straw, and sweetclover r esidues were 
used. T h ere were 224 observa tions available for this comparison. 
The regression lines are shown in Figure 3. The correla tion coefficient 
of 0.533 was highly significant since only 0.1 81 is n eeded for signifi-
cance at the 1 p er cent level. The da ta indicate that, in general, total 
counts and fungi were stimulated alike by crop r esidue treatments of 
the soil. 
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FIGURE 3.-Relationship between fungi and total counts in soils 
treated with different crop residues. 
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Relationship Between Bacteria and Actinomyces 
BACTERIAL COUNTS are plotted against actinomyces in Figure 4. The 
regression lines are also shown in Figure 4. The data consist of 167 
observations in which actinomyces were differentiated from bacteria. 
A correlation coefficient of 0.789 was obtained, while a value of 0.208 
is needed for significance at the 1 per cent level. These da ta, like 
those of Figure 3, were obtained over a wide variety of conditions. 
Different dates and depths of sampling and different kinds of residues 
and methods of tillage were used. Variations in bacteria were, in 
general, accompanied by similar variations in actinomyces. 
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DISCUSSION 
DIFFERENCES IN MICROBIAL populations of the soils treated with the 
various residues were found to be associated frequently with da te of 
sampling. Such differences may be a ttributed to microecological fac-
tors involving temperature, moisture, pH, available nutrients and 
mutually antagonistic or symbiotic effects of the microorganisms 
themselves. Such factors were not studied. Consequently, any at-
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tempts to explain differences associated with sampling dates are largely 
speculative. 
Differences in total counts (bacteria plus actinomyces) when the 
soil was sampled one, two and five months after the application of 
wheat straw (Tables 9 and 10) were probably due to the progressive 
reduction in the amount of nutrients for these organisms as the straw 
decomposed. The increase in numbers of fungi after five months may 
be a result of sporulation induced by unfavorable conditions. 
Five days after the application of sweetclover as a green manure 
the numbers of fungi were greater than three months later (Tables 15 
and 16). Mean values for bacteria and actinomyces followed the same 
trend but the differences were not statistically significant. Nine and 
ten months after the application of wheat straw, fungi and "total 
counts" (bacteria plus actinomyces) were significantly greater in num-
ber than fourteen months after application (Tables 3 and 4). These 
decreases in microbial populations were probably the result of de-
creases in available food supplies as the plant residues decomposed. 
In contrast to the above results, both fungi and total counts were 
found to increase in numbers with time when samplings were made 
nine and thirteen months, respectively, after application of wheat 
straw (Tables 5 and 6.) The amount of available nutrients was prob-
ably overshadowed b y other factors. 
Depth comparisons show that where straw was applied as a surface 
mulch significantly greater numbers of microorganisms were found 
in the surface inch of soil than in the 1-6 inch depth (Tables 9 and l 0), 
when sampled one, two and five months after application of the straw. 
These differences are probably due to the presence of abundant energy 
material furnished by the straw in the surface layer of soil. 
During the first nine months after subtilling the r esidues, larger 
numbers of microorganisms were frequently found in the 0-1 inch 
than the 1-6 inch depth while greater numbers were found in the 1-6 
inch layer where the residues were plowed under. For example, two 
months after subtilling oat straw the top inch of soil contained 325,000 
fungi p er gram of soil compared with 290,000 per gram in the 1-6 inch 
depth (Table 1 ). Where the residues were plowed there were 199,000 
and 385,000 fungi per gram in the 0-1 and 1-6 inch depths, r esp ectively. 
The "depths x tillage" interaction, as shown in Table 2, was significant 
at the 5 per cent level. Counts of fungi obtained nine months after 
subtilling and plowing whea t straw residues (Tables 7 and 8), and five 
days, and three months after subtilling and plowing sweetclover r esi-
dues (Tables 15 and 16), also yielded significant "depths x tillage" 
interactions. "Total counts" showed significant "depths x tillage" in-
teractions two and four months after subtilling and plowing sweet-
clover residues in 1945 (Tables 11 , 12, 13, and 14), and five days, and 
three months after subtilling and plowing sweetclover residues in 1946 
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(Tables 15 and 16). Significant "depths x tillage" interactions were 
found for numbers of actinomyces two and four months after sub-
tilling and plowing sweetclover residues (Tables 13 and 14). The 
frequency of occurrence of significant interactions of "depths x tillage," 
in which subtillage of residues was accompanied by a greater concen-
tration of microorganisms in the surface inch of soil while plowing 
resulted in a greater concentration in the 1-6 inch depth, suggests a 
r elationship between residue concentration and numbers of micro-
organisms within the plow-depth layer of soil. 
Increasing the rate of application of wheat straw, applied as a sur-
face mulch, with subsurface tillage, r esulted in a significant increase 
in numbers of microorganisms in the soil. The effect was largely con-
fined to the surface inch as shown graphically in Figures 1 and 2. The 
"rates x dep ths" interaction was significant for fungi , total counts, and 
actinomyces (Table 10) indicating that the effect of the rate of applica-
tion was differen t for the two depths. It can readily be seen in Figures 
1 and 2 that with each increase in the amount of straw added there was 
an increase in fungi (Figure 1) and actinomyces and bacteria (Figure 2) 
in the surface inch of soil, while increases in the 1-6 inch depth were 
small or absent. 
In general, the data indicate that soil microorganisms were stimu-
lated by the addition of crop residues. The stimulatory e ffect was 
pronounced during the first few months of decomposition and had 
mostly disappeared after about nine months. The time element prob-
ably accounts for the failure of Dawson (3) to show any effects of sub-
tilling and plowing crop residues on soil micropopulations under 
Maryland conditions. More than a year h ad elapsed between residue 
application and microbial analyses. These results are in agreemen t 
with the observations of other workers (2, 8) that it is very difficult to 
bring about prolonged changes in the microflora of soils by the addi-
tion of organic amendments. 
The stimulatory effect of crop residues upon microorganisms was 
closely associated with the layer of soil in which one would exp ect to 
find the greatest concentration of crop residues. This is brought out 
by the frequency of occurrence of significance in the "depths x tillage" 
interactions during the early stages of decomposition of the crop resi-
dues. Such a relationship between residue layer and numbers of 
microorganisms is in agreement with the results of Humfe ld and 
Smith (6). 
The relationship between fungi and total counts, as shown in 
Figure 3, is a highly significant one. This indica tes tha t, in general, 
the total counts and fungi fluctuated somewhat simultaneously under 
the conditions of this experiment. Brown and Halversen (1) and 
Erdman (5) were unable to find a relationship b etween fungi and bac-
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teria and concluded that these organisms developed independently of 
one another. 
A correlation was found also between numbers of bacteria and acti-
nomyces (Figure 4). This is in agreement with Erdman's (5) r esults 
in which the numbers of actinomyces were found to vary with the 
numbers of bacteria. Erdman reported 10 to 20 times as many bac-
teria as actinomyces while the authors observed a much greater pro-
portion of actinomyces, which frequently equalled the bacteria in 
numbers. 
It is quite probable that the concentrated microbial activity in the 
surface inch of soils mulched with organic residues plays an important 
role in the formation of water-stable aggregates . Such aggregate forma-
tion would be of great practical value in promoting water intake and 
reducing runoff and erosion. 
SUMMARY 
THE EFFECT OF PLOWING and subtilling various crop residues' on 
the distribution of microorganisms between the 0-1 inch and 1-6 inch 
layer of Nebraska soils h as b een studied. The effect of rate of applica-
tion of wheat straw, in which 2, 4, and 8 tons per acre were applied 
as a mulch with subtillage, was also determined. 
During the first nine months after application of crop residues, 
microbial populations were frequently associated with m ethods of 
handling the residues. The top inch of soil frequently contained 
greater numbers of microorganisms where the residues were subtilled , 
while the 1-6 inch layer contained greater numbers where the residues 
were plowed. The effect of r esidue m anagement usually disappeared 
about nine months after application. 
Microbial popula tions within the plow-depth layer varied exten-
sively from one ela te of sampling to another. The causes of such 
changes were not determined, but were probably affected by such 
factors as moisture, temperature, available nutrients and antagonistic 
or symbiotic effects of organisms upon one another. 
The rate of application of wheat straw applied as a mulch h ad a 
pronounced effect on the numbers of microorganisms within the sur-
face inch of soil. The numbers of fungi, bacteria and actinomyces 
increased with an increase from O to 2, 4, and 8 tons per acre of wheat 
straw. The effects of rate of application were apparent one, two and 
five months after application. 
No conclusive evidence was obtained that indicated the selective 
stimulation of any one of the groups of organisms studied. 
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